Comparison of the energy consumption in traditional and advanced paddy residue management technologies for wheat sowing by DHANGER, PARVEEN  et al.
Indian Journal of Traditional Knowledge 
Vol 20(3), July 2021, pp 846-851 
Comparison of the energy consumption in traditional and advanced paddy residue 
management technologies for wheat sowing 
Parveen*, Mukesh Jain, Vijya Rani, Hemant Kumar, Jaideep, Aman Mor & Sachin 
COAE&T, CCS Haryana Agricultural University, Hisar, 125 004 
E-mail: parveenfmpe@gmail.com
Received 02 April 2020; revised 07 June 2021 
The study examines the energy consumption for paddy harvesting and wheat sowing using different techniques. The 
research was planned with ten treatments using three straw management practices, i.e., Retention, Incorporation, and 
Removal of straw. Major portion of energy is consumed in form of diesel energy, which was the highest energy 
consumption source, with a participation of 79.3 to 86.5%. It was resulted that T4 had the opulent while T7 had the miserable 
yield. Least energy was consumed in treatment T2 (1582.9 MJ ha
-1) and the most was in treatment T5 (3500.4 MJ ha
-1). The 
specific energy consumption was 25.47, 24.94, 27.74, 49.68, 58.15, 46.60, 55.82, 51.43, 53.01 and 37.78 MJ ha -1, 
respectively for Treatment T1, T2, T3, T4, T5, T6, T7, T8, T9, and T10. Specific energy is more in removal and incorporation of 
straw residue practices in comparison to residue retention practices. It can be concluded that treatments using direct drilling 
machine was the most efficient in case of specific energy consumption. Residue retention tillage practice with happy seeder 
should be used to make higher productivity with efficient energy input to manage paddy residue. 
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Rice (Oryza sativa L.) and wheat (Triticum aestivum L.) 
are India's most grown cereal crops. India has 
different agro-ecological regions and a more 
significant part of the geographical area is used for 
agriculture where a lot of verities of crops are grown. 
It is anticipated that around 600-650 Mt of crop 
residue is generated in a year, with a yield of 122.39 
Mt of fiber crops (Jute, Mesta, Cotton), 28.71 Mt of 
oilseeds crops, 361.85 Mt cereals (34% by rice and 
22% by wheat) 107.49 million tons (Mt) of sugarcane 
in the year 2014-15
1
. From the country’s total food 
production, 69% of the food produced is contributed 
by the two states Punjab and Haryana. Punjab and 
Haryana cultivate an area of about 2.81 million ha and 
15.5 million ha, respectively in paddy. 5.5 kg of N, 
2.3 kg Phosphorous pentoxide (P2O5), 25 kg 
Potassium oxide (K2O), 1.2 kg Sulphur (S), 400 kg 
Carbon and 50-60% of micronutrients are available in 
1 tonne of paddy straw
2
. After harvesting of rice, 
standing stubbles in the field become interruption for 
further timely operation like sowing of wheat. The 
easiest way for a farmer is to burn the straw, but straw 
burning is not a solution; instead, it is a problem for 
the nature and as well as for soil (Fig. 1). Straw 
burning is a major issue in both Punjab and Haryana 
state. Due to combustion, approximately the whole 
amount of Carbon, 75-79% of Nitrogen, more than 
20% of Phosphorus, nearly fifty 50% of Sulphur and 
19% of Potassium (K) available in paddy residue is 
lost but incorporation of paddy residue and stubble 
into moisturised soil (during ploughing) results in 
temporary immobilization of N and a significant 
increase in methane (CH4) emission from the rice 
paddy, a practice that contributes to greenhouse gases. 
Burning the crop residue also results in the loss of 
microorganisms in the field which are beneficial in 
nutrient fixation and decomposition of the residue 
which in turn results in loss of fertility. When 1000 kg 
of paddy straw is burnt, 3 kg of particulate matter, 60 
kg CO, 1460 kg CO2, 2 kg SO2 and 199 kg S are 
produced
3
. These gases contribute significantly in the 
degradation of air quality which results in the onset of 
cough, asthma, skin diseases, bronchitis and the 
particulate matter suspended in air causes heart and 
lung diseases.  
Due to the above said harmful effects of straw 
burning, there is a need to manage the vast quantity of 
residue generated by incorporating the straw in the 
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farm through the use of various farm machineries 
available for the same. Crop residue is a by-product 
from the crop; therefore the amount of residue is 
generated in proper ratio depending upon type and 
production of crop and northern states reported in 
higher productivity, i.e., Punjab, Haryana, Uttar 
Pradesh and Rajasthan
4
. India also ranked at the third 
position in energy consumption after China and 
USA
5,6
. Agriculture is related to both a production 
and consumption of energy, as agriculture consumes 
energy; it also produces is in the form of bio-energy
7
. 
Energy has a very close relation with economics as 
well as environment also
8
. Profits of agriculture 
produce decreases due to increase in energy 
consumption. The demand for energy in agriculture 
can be divided into indirect and direct energies. In 
fine soils, more than 10 cultivations are resulted in 
more energy consumptions and wheat sowing also 
delayed. Therefore, the selection a proper cultivation 
method including evaluation of the energy 
conservation and environmental pollution control.  
Therefore, the present research was done to 
evaluate different available technologies for crop 
residue management. The focus of the study was to 
provide the best efficient, economic and minimum 
energy consuming technology to the farmers for 
management of paddy straw and convince the 
farmers to avoid burning of straw. The trials were 
conducted at the farmer’s field in order to make 
them understand the alternate methods to manage 
farm residue. When the farmers get convinced 
with alternative methods of straw incorporation 
and their effects such as saving of environment, 
protection of soil nutrients and soil organisms, 
increase in soil fertility, burning of straw will be 
reduced to a great extent.  
Materials and Methods 
Experimental field climate characteristics 
The experiment was conducted at farmer field at 
village Dabra in Hisar district of Haryana State in 










18'12". It has a tropical monsoonal climate and 
is characterized as an arid type of weather. The 
summers are generally quite hot, and winters are 
relatively cold. The average rainfall of the area is 330 
mm which mostly occur from mid-June to September 
with occasional wintry showers during December and 
January months. 
Treatments 
Rice harvesting was done in the 2
nd
 fortnight of 
October, 2017 and then the field was prepared for 
sowing of Wheat crop. In the present study, a 
combination of ten treatments consisting of three 
type crop (paddy) residue management practices 
(Incorporation, retention and Straw removal). Each 
treatment was replicated three times. Different type of 
treatments is shown in Table 1. Paddy harvesting was 
done by Combine harvester with Straw management 
system (SMS) and Traditional combine. Wheat Fig. 1 — A farmer field: Burning of paddy Straw 
Table 1 — Different type of treatments 
Straw management 
practices 
Treatment Machinery used in the treatment 
Straw Retention T1 = Combine harvester with Straw management system (SMS) + Zero till drill 
T2 = Combine harvester with SMS + Spatial till drill 
T3 = Combine harvester with SMS + Happy seeder 
Straw 
Incorporation 
T4 = Combine harvester with SMS + Reversible mould board plough + Rotavator + Seed drill 
T5 = Combine harvester with SMS + Rotavator (2 pass) + Seed drill 
T6 = Combine harvester with SMS + Disc harrow (3 pass) + Planker + Seed drill 
T7 = Combine harvester with SMS + Rotavator + Manual broadcasting + Rotavator 
Straw Removal T8 = Traditional combine + Stubble shaver + Straw baler + Disc harrow (2 pass) + Planker + Seed drill  
T9 = Traditional combine + Stubble shaver + Hay Rake + Straw baler + Disc harrow (2 pass) + Planker + Seed drill 
T10 = Traditional combine + Traditional straw removing method + Disc harrow (2 pass) + Planker + Seed drill 
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sowing was done using Zero till drill, Spatial till drill, 
Happy seeder, Seed cum fertilizer drill, and Manual 
broadcasting. 
Energy parameters 
The input energy from different sources and 
specific energy with respect to wheat yield was 
calculated. The energy equivalents of the inputs and 
outputs are shown in Table 2. 
Input energy 
On the basis of Use of energy, input energy can be 
mainly divided in two groups
19
: indirect energy and 
direct energy. In every treatment, the energy either 
used in the form of direct energy or in the form of 
indirect energy was calculated by taking all the inputs 
like man-hour, diesel, tractor and machinery. 
Energy from direct sources 
The direct energy
18
 was obtained from man and 
diesel. The following relation was used to calculate 
the energy of man: 
Energy of man (MJ ha
-1
) = 1.96 × Working hours/ha 
The following relation was used to calculate the 
energy of diesel: 
Energy of diesel (MJ ha
-1
) = 56.31 ×Working hours/ha 
The following relation was used to calculate direct 
energy: 
Direct energy (MJ ha
-1
) = Energy of man + Energy of diesel 
Energy from indirect sources 
The indirect energy was obtained from tractor and 
machinery as given by previous findings.
19
. Machines 
and tractors are used in the agricultural field. 
Production of machine requires different type of 
metals along with some other materials also produced. 
In process of all operations energy consumption takes 
place. So, the energy in tractor and machinery is 
calculated by using the following equation: 
Energy of tractor (MJ ha
-1
) = 
Energy of machinery (MJ ha
-1
) = 
Indirect energy = Energy of tractor + Energy of machinery 
Total Energy 
The total energy is computed below: 
TE = DE+ IE 
Where,  TE = Total Energy, MJ ha
-1
 
 DE = Direct energy, MJ ha
-1
 
 IE = Indirect energy, MJ ha
-1 
Statistical analysis 
Average grain yield was recorded per plot 
(converted to q ha
-1
) after sun drying. The total energy 
used in different treatments was worked out. The 
Treatments layout in Randomized Block Design 
Experiment and analysis of data perform at IASRI 
server. The data on yield was subjected to analysis of 
variance (ANOVA)
20
 which was analysed at IARSI. 
Different treatment means were separated by 
DUNCAN’s Multiple Range Test
21
, where Means 
with at least one letter common are not statistically 
significant. Adjusted p-value of less than 0.0001 was 
accepted for declaring an association significant. 
Results and Discussion 
Grain yield 
Different methods of wheat sowing had shown a 
great effect on the yield as shown in Table 3. The 
reason may be due to better incorporation of plant 
residue into the soil which increases water holding 
capacity and proper growth of crop roots. Better 
incorporation of plant residue also results in more 
availability of essential nutrients required for crop. The 
highest yield was received from paddy straw 
incorporation in Treatment T4 followed by Happy 
seeder in treatment T3 and lowest in treatment 
T7 (54.80 q ha
-1
). The reason for a meagre yield
of the wheat crop in particular treatment may be due 
to uneven spreading of wheat seed by manual 
broadcasting, and improper depth of seed placement of 
wheat seed due to rotavator operation after the manual 
broadcasting might have affected germination. The 
wheat yield in treatment T3 was found as 67.64 q ha
-1
.
Similar results were reported by previous studies
25
 
for wheat yield with happy seeder. The mean yield of 
the crop was found to be 63.44 q ha
-1
. The yield 
obtained in zero tillage was 5% and 9% more than 
rotavator tillage and conventional tillage, respectively; 
a similar result was also reported previously
26
. Higher 
Table 2 — Energy equivalent values for inputs 
Particulars Unit Energy (MJ/unit) Reference 
A. Inputs
Man h 1.96 9-12
Diesel l 56.3 11-15 
Machinery kg 62.7 12-15 
Tractor kg 64.8 16 
B. Output
Wheat Grain kg 15.7 17,18 




yield was obtained may be due to increase in porosity 
of the field and reduction in bulk density which 
enhances more crop growth and favourable conditions 
for the crop
26
. This showed that incorporations of straw 
helps in increasing the productivity of wheat only with 
tillage operations, which were mainly essential for 





Pattern of energy consumption 
In various farm operations, the highest total energy 
input consumed from harvesting of paddy to sowing 
of wheat crop was obtained 3500.4 MJ ha
-1 
in 
treatment T5 and Lowest energy consumption was 
recorded as 1582.9 MJ ha
-1
 in treatment T2 Treatment-
wise detail of energy requirement is shown in Table 4. 
The variation in energy consumption between the 
treatments was due to direct sowing without prior 
tillage in crop residue. Some authors
22
 also stated that 
the energy required to produce per quintal of yield 
was higher in other treatments as compared to the 
energy needed in no-tillage treatments. The difference 
between energy requirement in direct sowing and 
after seedbed preparation was found to be more than 
Table 3 — The yield of Wheat under different treatment 
Straw management 
practices 
S. No. Treatment Treatment yield  
(q ha-1) 
Straw Retention  T1 Combine harvester with SMS + Zero till drill 62.37
f 
T2 Combine harvester with SMS + Spatial till drill 63.47
de 
T3 Combine harvester with SMS + Happy seeder 67.63
b 
Straw Incorporation T4 Combine harvester with SMS + Reversible MB Plough + Rotavator + Seed drill 70.30
a 
T5 Combine harvester with SMS + Rotavator (2 passes) + Seed drill  60.20
g 
T6 Combine harvester with SMS + Disc harrow (3 pass) + Planker + Seed drill 63.57
d 
T7 Combine harvester with SMS + Rotavator + Manual broadcasting + Rotavator 54.80
h 
Straw Removal T8 Traditional combine + Stubble shaver + Straw baler + Disc harrow (2 pass)  
+ Planker + Seed drill 
64.20d 
T9 Traditional combine + Stubble shaver + Hay rake + Straw baler + Disc harrow  
(2 pass) + Planker + Seed drill 
65.40c 
T10 Traditional combine+ Traditional straw removing method + Disc harrow (2 pass)  
+ Planker + Seed drill 
62.43ef 
  General Mean 63.44 
  p-Value <0.0001 
  CV (%) 0.97 
 
Table 4 — Treatment -wise energy consumed (MJ ha-1) 
Straw management 
practices 






Man Diesel Machinery Tractor 
Straw Retention  T1 Combine harvester with SMS + Zero-till drill 19.0 1265.2 266.0 38.0 1588.3 
T2 Combine harvester with SMS + Spatial till drill 19.6 1255.1 268.5 39.8 1582.9 
T3 Combine harvester with SMS + Happy seeder 21.3 1512. 296.4 46.0 1875.9 
Straw Incorporation T4 Combine harvester with SMS + Reversible MB 
plough + Rotavator + Seed drill 
29.2 2990.8 348.8 123.5 3492.2 
T5 Combine harvester with SMS + Rotavator 
(2 passes) + Seed drill  
28.1 2986.8 369.5 115.9 3500.4 
T6 Combine harvester with SMS + Disc harrow  
(3 pass) + Planker + Seed drill 
24.5 2551.5 312.9 73.3 2962.2 
T7 Combine harvester with SMS + Rotavator + 
Manual broadcasting + Rotavator 
21.4 2590.9 354.4 92.4 3059.1 
Straw Removal T8 Traditional combine + Stubble shaver + Straw 
baler + Disc harrow (2 pass) + Planker + Seed drill 
27.6 2788.2 366.2 120.0 3301.9 
T9 Traditional combine + Stubble shaver +  
Hay rake + Straw baler + Disc harrow  
(2 pass) + Planker + Seed drill 
29.9 2930.7 369.8 136.2 3466.6 
T10 Traditional combine + Traditional straw  
removing method + Disc harrow (2 pass)  
+ Planker + Seed drill 
21.0 2013.0 250.9 73.8 2358.6 
 








 reported that energy 
requirement for direct drilling and normal ploughing 
was 1.0 GJ ha
-1 





 reported that tillage consumed 30% 
of energy in the field. Zero tillage technique helps in 
reducing consumption of fuel, increases the energy 
ratio, and helps in controlling soil erosion, also time 
saving and easily seedbed preparation. Highest man, 
machinery and tractor energy were found in treatment 
T9 which is a straw removing method, whereas the 
lowest energy in man, diesel, machinery, and tractor 
was found in zero tillage treatments. Highest energy 
input was from diesel fuel, rather than the energy used 
from man, machinery and tractor. The diesel energy 
was obtained the largest energy source in total inputs, 
with a share of 79.3 to 86.5%. It was followed by 
machinery energy (10-17%), tractor energy (2.4-3.9%) 
and man energy (0.7-1.2%). As almost field 
operations were done with agricultural machinery.  
So, the share of man-power energy contributed  
only 1%. However, the high energy input decreases 
the specific energy and energy ratio also. 
 
Evaluation of energy consumption under treatments 
Table 5 shows the comparison between energy 
consumption and wheat yield obtained in the 
particular treatment. The minimum unit energy 
consumption was found in treatment T2 (24.94 MJ q
-1
) 
and maximum unit energy consumption was found in 
treatment T5 (58.15 MJ q
-1
). Treatment T2 resulted in 
55% energy saving in comparison to treatment T5. It 
is seen in Table 4 that direct drilling treatments 
required less energy as compared to straw removing 
treatments and treatments where seedbed preparation 
is needed. The maximum yield was obtained from the 
Treatment T4. However, the energy consumption was 
also high. Minimum yield was obtained in treatment 
T7 (54.80 q ha-1). Moreover, in treatment T7, energy 
consumption was more. Treatments T1 and T2 resulted 
in minimum energy consumption, but the yield of 
these treatments was significantly low as compared to 
Treatment T3. Treatment T3 was a combination of a 
combine harvester with SMS + Happy seeder. The 
best treatment among the treatments was T3 due to 
higher yield and low value of energy consumption. 
 
Conclusion 
Highest energy consumption of 3500.4 MJ ha
-1 
was 
found in treatment T5 (Combine harvester with SMS 
+ Rotavator (2 passes) + Seed drill). Lowest energy 
consumption of 1582.9 MJ ha
-1 
was found in 
treatment T2 (Combine harvester with SMS + Spatial 
till drill). Minimum specific energy consumption of 
24.94 MJ q
-1
 was found in T2 (Combine harvester 
with SMS + Spatial till drill). Maximum specific 
energy consumption of 58.15 MJ q
-1
 was found in T5 
(Combine harvester with SMS + Rotavator (2 passes) 
+ Seed drill). Straw retention technology for straw 
management resulted in lesser energy consumption 
and yield obtained are also higher whereas energy 
consumption in straw incorporation and straw 
removal technologies was resulted in much higher. 
From obtained results we conclude that, in term of 
Table 5 — Energy comparison of different treatment 
Straw management 
practices 








Straw Retention  T1 Combine harvester with SMS + Zero till drill 62.37
f 1588.3 25.47 
T2 Combine harvester with SMS + Spatial till drill 63.47
de 1582.9 24.94 
T3 Combine harvester with SMS + Happy seeder 67.63
b 1875.9 27.74 
Straw Incorporation T4 Combine harvester with SMS + Reversible MB plough  
+ Rotavator + Seed drill 
70.30a 3492.2 49.68 
T5 Combine harvester with SMS + Rotavator (2 passes) 
 + Seed drill  
60.20g 3500.4 58.15 
T6 Combine harvester with SMS + Disc harrow (3 pass)  
+ Planker + Seed drill 
63.57d 2962.2 46.60 
T7 Combine harvester with SMS + Rotavator + Manual 
broadcasting + Rotavator 
54.80h 3059.1 55.82 
Straw Removal  T8 Traditional combine + Stubble shaver + Straw baler  
+ Disc harrow (2 pass) + Planker + Seed drill 
64.20d 3301.9 51.43 
T9 Traditional combine + Stubble shaver + Straw baler  
+ Hay rake + Disc harrow (2 pass) + Planker + Seed drill 
65.40c 3466.6 53.01 
T10 Traditional combine + Traditional straw removing method 
+ Disc harrow (2 pass) + Planker + Seed drill 
62.43ef 2358.6 37.78 
 




energy efficient treatment having combination of 
Combine harvester with SMS and Happy seeder will 
best as compared to the other treatment. 
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